A system was designed to allow the physiological monitoring of a fully mobile, unstressed baboon (Papio anubis) in a single animal cage for the purpose of measuring the changes occurring in a hyperbaric environment. It was required to operate for at least three months, both inside a pressure chamber and outside, and to measure the following parameters: electroencephalogram (EEG, three channels), electrooculogram (EOG), electromyelogram (EMG, two channels), electrocardiogram (ECG), arterial blood pressure, respiration and body temperature. Also in the system were catheters through which blood samples could be taken and intravenous drugs given. The overall system consisted of a harness and jacket, an umbilical and back pack, a combined electrical and fluid transmission swivel and a monitoring implant and catheters.
electrodes but there are no permanently indwelling intravascular catheters. When the animals are monitored they are required to sit in restraint chairs so that connections can be made to the skull cap. The prolonged use of restraint chairs can lead to a decrease in haemoglobin levels and lymphocyte numbers with accompanying neutrophilia, as a result of stress (Wannemacher et 01., 1979) . Lower leg oedema, decubital ulcers and skeletal muscle impairment are also possible side effects.
Other workers have developed tethering systems for cardiovascular monitoring studies (Byrd, 1979; Bryant, 1980; McNamee et al., 1984) but these have not included all the wires and connections necessary for full cardiovascular and neurophysiological monitoring. In addition, the jackets, made of leather or denim, would not be strong enough to escape the attentions of a large baboon over a 3-month period. A totally separate system was therefore designed to house the necessary connections and pressure transducer, to be resistant to manipulation by baboons and at the same time be tolerable to wear and provide complete freedom of movement within a cage.
Methodology

Animals Training
Preparation of the experimental animals started 4-6 weeks in advance of the experiment. The animals were first fitted with a quilted cloth jacket under sedation (ketamine at 10 mg/kg i.m.). One week later, an Orthoplast waistcoat was placed over it and this was fastened to the animal using an empty back pack (see Equipment section). If this was tolerated for a full week, a training umbilical and dummy swivel were also attached for another week, to accustom the baboon to wearing the full restraint unit. None of the animals had to be rejected on the grounds that they did not tolerate the system.
Operation
After withholding food for 6 hours, anaesthesia was induced with intramuscular ketamine (10 mg/kg) and maintained with 0,5-1,0070 halothane, with positive pressure ventilation using I: 2 oxygen: nitrous oxide. Neuromuscular blocking agents were not employed.
Polyurethane catheters (1,2 mm i.d., Viggo Products, British Viggo, Swindon) were secured in the right common carotid artery and right internal jugular vein through an incision in the ventral neck. These were then tunnelled through the subcutaneous tissue at the base of the neck and out through a small incision in the intrascapular region.
The EEG and EOG electrode assembly (see Implant section) was tunnelled under the skin of the neck and secured in position on the skull using 4BA nylon screws, which were tapped into the skull. The EEG electrodes were placed over the left hemisphere positioned along a line running anteroposteriorly, equidistant from the midline and origin of the temporalis muscle, and 15 mm apart. The most posterior electrode was 5 mm from the nuchal ridge (Fig. 1) . The electrodes were placed on the dura through 1mm 
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holes, bored through both tables of the skull using a dental burr drill. They were secured in position using a small amount of quick setting epoxy resin. The reference electrode was similarly secured and positioned on the midline at the apex of the skull. The two EOG electrodes were secured, using nylon screws, on the medial and lateral sides of the left brow ridge. EMG electrodes were stitched to the fascia over the left triceps and trapezius muscles (two electrodes over each muscle, 10mm apart). ECG electrodes were placed subcutaneously over the apex of the left ventrical and right shoulder, with a reference electrode in the small of the back. The thermister probe rested subcutaneously in the back along with the reference electrodes for EEG, EMG and ECG. All the wires, within the silicone tubing, were brought out between the shoulder blades through the same incision as the catheters.
At the end of the operation all incisions were flushed with benzyl penicillin (Crystapen, Glaxo, Greenford, Middx) and closed with 2/0 silk. The animals were then fitted with the harness, back pack, umbilical and swivel (see equipment section) and allowed to recover in the monitoring cage.
Patency of the intravascular lines was ensured by their continuous perfusion with heparinized 0,90/0 saline (2 i.u. heparin/rnl) at a rate of 2 rnI/h for each catheter. This was achieved by using flow control devices fitted to each line (Cambac Instruments, Waterbeach, Cambridge) and supplied at a pressure of 40 kPa from a plastic infusion bag compressed by a pressure infuser (Tycos Life Science, Arden, N Carolina, USA).
Equipment Harness and jacket
The harness was designed to provide a firm platform for the instrumentation back pack to which the umbilical was attached. It had to be close fitting and yet not restrict the animal's respiratory movement or cause pressure sores. A custom made, back fastening waistcoat, made out of Orthoplast (Johnson and Johnson, Slough, Berks), was fitted to each animal and closed by placing the back pack onto aluminium mounting brackets fastened to each side of the rear of the waistcoat. These brackets were wedge shaped and attached to the waistcoat with their thin ends uppermost. The lower edge of the pack was thus held away from the animal to prevent the weight of the umbilical from dragging it into the small of the back and potentially causing pressure sores. A quilted jacket was worn under the waistcoat to protect the implant and surgical implantation incisions, and to prevent friction sores.
Back pack and umbilical
The back pack was mounted onto the rear of the Orthoplast jacket assembly. It housed the intravenous and intra-arterial connections to the implanted catheters, the arterial pressure transducer and subminiature 25 way plug and socket (RS Component, Corby, Northants) which connected the wires of the implant and transducer to the loom of the umbilical. Both the electrical connection and the transducer were mounted rigidly on the stainless steel chassis of the back pack (Fig. 2) . The umbilical was bolted to the bottom of the back pack chassis by a brass flange, to enable the catheter tubing and wiring to leave the pack through the centre of this flange and pass into the umbilical (Fig. 2) . The contents of the pack were protected by a stainless steel slide-on cover, which was boIted in place ( Fig. 3) .
The umbilical was a one-metre length of double interlocking flexible stainless steel tubing, 19 mm internal diameter, which linked the back pack to a swivel assembly mounted on the side of the cage (Fig. 3) . Through it passed a loom consisting of the wires from the electrodes, temperature probe and arterial pressure transducer, and two manometer tubes connected to the intravascular catheters. The ends of the umbilical were secured to the back pack and swivel assembly by brass fittings soldered and pinned to the steel tubing. The joint at the swivel end was protected by a flexible steel spring coil which was placed over it to prevent the animal applying direct and repeated lateral forces and fracturing the steel as it became fatigued. The flexible umbilical was capable of expanding in length by 200/0and the internal wiring loom was long enough to be unaffected.
The swivel assembly
A swivel was necessary to allow the animal to rotate in both directions without restriction and to avoid irrepairable twisting and kinking of wires and tubing. It consisted of a specially designed fluid swivel which was mounted above a 25-way electrical slip-ring assembly as shown in Fig. 4 .
The electrical swivel was a 25-way unit (0. J. Mouldings, Wallingford, Oxford), with slip rings manufactured from silver and brush arms of 625 gold alloy. This gave good electrical contact and low resistance to torque. Fluid transmlSSlon was achieved by using the abutting faces of two cylinders mounted in a stainless steel sleeve. The lower one, also made of stainless steel, was mounted on ball bearings and fixed to the rotating central pillar of the electrical swivel. The upper one, made of graphite-loaded PTFE (Vespel, Du Pont, Hemel Hempstead, Herts), was prevented from rotating but permitted to float under spring tension. The arterial connection was made through a 0,7 mm diameter hole on the axis and so remained in line at all positions. The venous connection was offset from the centre via a 0,7 mm diameter hole in both halves. Flow was continuous in all positions due to a o· 77 mm circular groove in the lower face at the same radius from the axis as the holes. Flow of fluid into the cylinder was via two O· 7 mm bore stainless steel tubes which were attached to PVC catheters.
Implant
The implant used to relay bioelectric signals from the animal is shown in Fig. 5 and consisted of two main branches, soldered onto a subminiature 25-way plug. The first carried wiring to the skull and consisted of 6 EEG electrodes, I reference electrode, 2 EOG electrodes and 3 securing points. The EEG and reference electrodes were made in IS mm lengths of 0·4 mm diameter silver wire. The tip of the electrode was melted in a bunsen flame to form a I mm diameter bead and the rest of the wire was covered in O· 5 mm bore PVC tubing. 
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The electrodes were soldered onto 7 strand O' 2 mm thick teflon insulated stainless steel wires (Clark Electromedical Instruments Ltd, Pangbourne, Reading, Berks) and the joints were covered in epoxy resin. This ensured that insulation of the unit was complete with only the tips exposed. The wires ran in medical grade silicone rubber tubing and the electrodes emerged at 15 mm intervals, as shown in Fig. 5 . The EOG electrodes emerged at the end of the tubing and were made from O' 55 mm diameter 316 stainless steel wire. A 10 mm length was twisted into a 3 mm diameter circle and soldered to the same teflon-insulated wire. Again, the joint was covered in epoxy resin. Skull anchoring points were made of circles of wire, soldered to tefloncoated wires and positioned at the ends and middle of the EEG wiring harness. The length of silicone tubing containing this assembly was filled with silicone rubber compound. The other branch carried nine wires for electrodes and was subdivided into three, two of which continued in silicone rubber tubing. All the electrodes were made in the same way as the EOG electrodes. The lower branch contained a thermistor temperature probe (Model 44033, Yellow Springs Instrument Co., Ohio, USA), positioned at the end of the silicone tubing and sealed in silicone rubber compound. The point of the branching was also sealed in the same way.
Finally four wires from the 25-way plug were connected to a special purpose socket connecting to the pressure transducer. The soldered joints leading to the plug were covered in silicone rubber tubing (electrical grade) and potted in silicone compound. The implant was washed and sterilized by a long low temperature steam process (C.S.S.D. Northwick Park Hospital, Harrow, Middlesex).
Monitoring
All signals coming from the baboon were preamplified as close as possible to the electrocannular swivel to minimize interference. Signals were then conducted to the appropriate amplifying and conditioning units. Figure 6 shows an example of a paper record of all parameters, made using the chart recorder of a Siemens Elema Mingograf EEG 10 machine (Siemens, Sudbury-on-Thames, Middlesex) running at a speed of 15 mm/s.
Electromyelogram
EMG signals were amplified and filtered using a Biodata P A400 unit (Biodata Ltd, Manchester). The gain on the system was set to allow assessment of baboon movement from the paper record. The signals were filtered using O· 002 s high pass and 1 kHz low pass filters.
Electrooculogram
EOG signals were processed with the same unit as for the EMG. The signal was filtered to remove EEG frequencies and yet retain signals caused by the EMG of the scalp, face and eye muscles and by eye movement (0'002s high pass and 200Hz low pass).
Electroencephalogram
The frontal, parietal and occipital channels of EEG were recorded and displayed (see Fig. 1 for placements) . The signals were amplified and conditioned by the Mingograf 10 EEG machine. Gain on the amplifiers was set to 100 mV/ cm and the time constant at O· 1 s.
Electrocardiogram
ECG was measured using a Kontron 126 physiological monitor (Kontron Instruments Ltd, 8t Albans, Herts) from leads connected to the relevant wires coming from the swivel.
Respiration
Respiratory movement was monitored by impedance plethysmography from the EEG electrodes using the Kontron 126 monitor.
Arterial pressure
Arterial pressure was measured from the catheter in the carotid artery using a disposable transducer (Spectromed, University of Warwick Science Park, Coventry) mounted in the back pack. The usual posture of the monitored animals was upright, either seated or standing. The transducer in the pack was therefore at the level of the heart and no correction factor was required for a hydrostatic pressure difference between the heart and transducer. The signal was amplified and displayed on the Kontron 126. The transducer was calibrated before and after each dive but no changes in calibration or zero setting have been noted during experiments.
Temperature
Subcutaneous temperature was measured on the Kontron 126 monitor using the Yellow Springs 44033 thermistor.
Discussion
The system described here has been in extensive use at the CRC laboratories, Harrow, and has proved to be relatively maintenance free. The monitoring took place with each animal in a cylindrical-shaped wire mesh cage measuring O· 92 m in height x O' 82 m diameter, where it had complete freedom of movement. The system itself was originally based on one designed by the Huntingdon Research Centre (HRC), which was commercially available. The HRC system consisted of a large steel mesh plate which was held -rigid against the back of the animal by the use of curved steel bars passing across the chest and under the arms. The umbilical consisted of 2 rigid steel tubes, O' 16 m long, with swivel connections allowing a certain degree of vertical and rotational movement. In our experience, however, the system was not well tolerated by baboons, which could easily get into positions where no further rotational movement was allowed. They would be held in one position, from which stressful attempts were made to escape. In addition, monitoring wires were easily fractured at the positions of joints which would have made having two intravascular cannulae, as well as several wires, very dangerous. None of these problems have occurred with the system described in this communication.
For maintenance of the system described, each animal was sedated on a weekly basis in order to check the intrascapular exit point of the implant wires and to change the cloth jacket. Once a period of monitoring had been completed, the two-way taps in the back pack could be turned off, the umbilical removed and the bottom of the back pack closed with a plate. Consequently, the animal could be replaced in its normal cage with companions and, provided the cannulae were maintained on a weekly basis, the system could be set up again at a later date. During the implanting operation it was essential to ensure that there was enough free play in the implant wires leading to the head so that there were no restrictions when the animal bent its head forward. In development trials, X-rays had shown that stress points could occur and all the wires could break at one point. This, however, has happened on only two occasions out of 30 preparations. On rare occasions, a single wire has fractured, losing just one signal.
The back pack has undergone modifications to reduce to a minimum the number of screw heads on the outside. It has been necessary to ensure that the four essential screws were tightly secured in order to be resistant to the dextrous and strong fingers of the baboon. In addition, the umbilical tubing has sometimes been regarding by the animal as a play object and something with which to make a noise. Placing a coiled spring around the swivel end of the umbilical reduced the amount of damage which could be done as the animal could pull on this without placing any stress on the umbilical itself. On three occasions the umbilical has broken, but in practice it did not prove a problem. The animals were sedated using a dart and blowpipe to deliver ketamine (see Operation section), and the umbilical and wiring system were replaced. At the point where the catheters broke they were found to have stretched first and sealed and so no blood was lost.
Infections at the entry point of the catheters in the intrascapular region have occurred in approximately 25070 of animals and these have been successfully treated by either local or systemic application of antibiotics. Future work will be investigating the use of bactericidal impregnated catheters.
The major benefits of the model are of both a welfare and scientific nature in that the animal has complete freedom of movement within its cage and the data come from an animal undergoing the least amount of stress possible. The animals have been observed on a daily basis by trained staff who have also observed them for long periods before the operation and therefore could note any changes in behaviour if they had occurred. Regular blood sampling and haematological analysis, including measurement of neutrophil and lymphocyte numbers, have not shown any consistent changes from preoperative normal values.
The system has proved very successful for continuous monitoring, both inside and outside the pressure chamber and, with the appropriate maintenance procedures, pressures sores did not develop and the animals remained comfortable and appeared stress free. The current experiments require the model to be fully operational for three months and these periods are regularly achieved.
